The genus Swaminathania was introduced as the seventh genus of the acetic acid bacteria with a single species, Swaminathania salitolerans (Loganathan and Nair, 2004) . Strains assigned to the genus Swaminathania were characterized physiologically by oxidation of ethanol to acetic acid and growth in the presence of 0.35% acetic acid (w/v) or 1% KNO 3 (w/v).
netic tree based on 16S-23S rDNA ITS sequences, when Roseovarius tolerans was used for an outgroup. The calculated bootstrap value was 97% between the type strain of N. chiangmaiensis and the cluster comprising the type strains of K. baliensis and the three Asaia species. The phylogenetic relationships among the four genera mentioned above were not so distant from one another but rather close especially between the genera Swaminathania and Asaia in the phylogenetic tree based on 16S rDNA sequences, when compared with that between the genera Acetobacter and Gluconobacter (Yukphan et al., 2005) . This paper gives a more detailed account of phylogenetic relationships between the genera Asaia and Swaminathania, with reference to the genera Kozakia and Neoasaia, on the basis of the results obtained from 16S rDNA, 16S-23S rDNA ITS, and 23S rDNA sequence analyses.
Asaia bogorensis BCC 12264 T (the type species), A. (Yukphan et al., 2004a (Yukphan et al., , b, 2005 . The 23S rDNA sequences of all the strains examined were determined. PCR amplification for sequencing was done by use of two primers: 38F [5Ј-CGG TGG ATG CCT (A/T)GG CAC-3Ј, the reverse complement of 38R; Yukphan et al., 2004a, b] and primer 4r (5Ј-CCC GCT TAG ATG CTT TCA GC-3Ј; the modification of Terefework et al., 1998) , as described by Pitulle et al. (2002) . A cycling profile of the PCR amplification was made by the method of Terefework et al. (1998) . The size of the amplification products was verified by electrophoresis on 1% agarose gel. The purified PCR products were directly sequenced by use of the following ten primers; 38F, primer 4r, LS476r (5Ј-CAC CTT TCC CTC ACG G-3Ј, Peplies et al., 2004) , LS476f (5Ј-CCG TGA GGG AAA GGT G-3Ј, Peplies et al., 2004) , LS792r (5Ј-TGA TTG GCC TTT CAC CC-3Ј, Peplies et al., 2004) , LS792f (5Ј-GGG TGA AAG GCC AAT CA-3Ј, Peplies et al., 2004) , LS1902r (5Ј-ATA GTT ACG GCC GCC G-3Ј, Peplies et al., 2004) , LS2242r (5Ј-ACC GCC CCA GTC AAA C-3Ј, Peplies et al., 2004) , LS2385f (5Ј-CAT AGT GAT CCG GTG G-3Ј, Peplies et al., 2004) , and 1608F-700 [5Ј-C(C/T)A CCT GTG (A/T)CG GTT T-3Ј, Pitulle et al., 2002] with an ABI PRISM BigDye Terminator v3.1 Cycle Sequencing Ready Reaction Kit on an ABI PRISM model 3100 Genetic Analyzer (Applied Biosystem, Foster City, California, USA). Multiple sequence alignments were made with the program CLUSTAL X (version 1.81, Thompson et al., 1997) . Alignment gaps and ambiguous bases were excluded from the calculation of similarity. Sequence comparisons were made for 1,381 bases (positions 28-1472 by the Escherichia coli numbering system, accession number V00348, Brosius et al., 1981) of 16S rDNA sequences, for 661 bases (from position 1 by the specified A. bogorensis numbering system, accession number AB208551, Yukphan et al., 2006b ) of 16S-23S rDNA ITS sequences, for 2,592 bases (positions 22-2763 by the E. coli numbering system) of 23S rDNA sequences, and for 4,611 bases of 16S rDNA/16S-23S rDNA ITS/23S rDNA sequences. Distance matrices were calculated by the two-parameter method of Kimura (1980) . Phylogenetic trees were constructed by the neighbor-joining method of Saitou and Nei (1987) . Robustness for individual branches was estimated by bootstrapping with 1,000 replications (Felsenstein, 1985) . Pair-wise sequence similarities (%) were calculated among the type strains of A. bogorensis, A. siamensis, A. krungthepensis, and S. salitolerans for 2,595 bases in 23S rDNA and for 603 bases in the bacterial 23S rDNA D1/D2 regions (Gutell and Fox, 1988; Gutell et al., 1994) . All the base sequences determined were deposited in the DDBJ databases.
In a phylogenetic tree based on 16S rDNA sequences, designated as the 16S rDNA phylogenetic tree, the type strains of the three Asaia species, A. bogorensis (the type species), A. siamensis, and A. krungthepensis formed a cluster, namely, the Asaia cluster (Fig. 1a) . The type strain of A. krungthepensis had a relatively long branch within the Asaia cluster. The type strain of S. salitolerans formed a cluster separate from the Asaia cluster with a very high bootstrap value (100%), as reported previously (Loganathan and Nair, 2004; Yukphan et al., 2005) . However, the position of the type strain of S. salitolerans was not so distant from the type strain of A. bogorensis (the type species). The type strains of K. baliensis and N. chiangmaiensis formed a cluster, as reported previously (Yukphan et al., 2005) . However, the bootstrap value of 79% was somewhat lower than that (90%) calculated previously. The distance between the type strains of K. baliensis and N. chiangmaiensis was much longer than that between the type strains of A. bogorensis and S. salitolerans.
In a phylogenetic tree based on 16S-23S rDNA ITS sequences, designated as the 16S-23S rDNA ITS phylogenetic tree, the clustering pattern was similar to that found in the 16S rDNA phylogenetic tree (Fig. 1b) . The type strains of the three Asaia species likewise formed the Asaia cluster, in which the type strain of A. siamensis was the most distant. The type strain of S. salitolerans showed a similar clustering pattern with 100% bootstrap value likewise. On the other hand, the type strains of K. baliensis and N. chiangmaiensis did not form a cluster, which differed from the 16S rDNA phylogenetic tree. The bootstrap value of 50% for the type strain of N. chiangmaiensis was much lower than that (97%) reported previously (Yukphan et al., 2005) . The type strain of K. baliensis was the most distant from the type strain of A. bogorensis.
In a phylogenetic tree based on 23S rDNA sequences, designated as the 23S rDNA phylogenetic tree, the type strain of S. salitolerans formed a cluster with the type strains of the three Asaia species, although the bootstrap value of 68% was low in the clustering (Fig. 1c) . Within the four species accommodated in the Asaia cluster, the type strain of A. siamensis was the most distant. On the other hand, the type strains of K. baliesis and N. chiangmaiensis did not form a cluster, as found in the 16S-23S rDNA ITS phylogenetic tree.
A pair-wise sequence similarity in 23S rDNA between the type strains of A. bogorensis and S. salitolerans was calculated to be 99.5%, which was higher than the calculated pair-wise sequence similarity of 99.3% between the type strains of A. bogorensis and A. siamensis. In contrast, the calculated pair-wise sequence similarities were respectively 99. When the 16S rDNA, the 16S-23S rDNA ITS, and the 23S rDNA sequences were combined and a phylogenetic tree was newly constructed on the basis of the combined sequences, the clustering pattern was quite different from that of the 23S rDNA phylogenetic tree (Fig. 1d) . The type strain of S. salitolerans did not belong to the Asaia cluster but was located outside with 100% bootstrap value, as found in the 16S rDNA phylogenetic tree as well as in the 16S-23S rDNA ITS phylogenetic tree.
A clustering pattern found in the 16S rDNA phylogenetic tree, the 16S-23S rDNA ITS phylogenetic tree, and the phylogenetic tree based on the combined sequences was recovered in a phylogenetic tree based on 23S rDNA D1/D2 sequences for 603 bases (positions 22-644 by the E. coli numbering system) (Fig.  1e) . In contrast, the clustering pattern that included the type strain of S. salitolerans within the Asaia cluster was also found in a phylogenetic tree based on 23S rDNA down-stream sequences for 1,348 bases (positions 1285-2763 by the E. coli numbering system), when the remaining part of the 23S rDNA sequences was analyzed (Fig. 1f) . This indicates that a part of the sequences which do not discriminate S. salitolerans phylogenetically from the three Asaia species is located in the down stream but not in the bacterial 23S rDNA D1/D2 regions. The calculated pair-wise sequence similarities in 23S rDNA and in the bacterial 23S rDNA D1/D2 regions support the above-mentioned phylogenetic relationships.
In all the six phylogenetic trees constructed above, the three species of the genus Asaia usually formed a cluster. Swaminathania salitolerans was located sometimes outside and sometimes inside the Asaia cluster. The remaining two species, K. baliensis and N. chiangmaiensis were usually distant phylogenetically from each other as well as from the three species of the genus Asaia.
On the proposal of the new genus Swaminathania, a close phyloegenetic relationship between the genera Asaia and Swaminathania was recognized, however, the phenotypic features of the genus Swaminathania were greatly different from those of the genus Asaia (Loganathan and Nair, 2004) . The present study demonstrated that the two genera, Swaminathania and Asaia are "phylogenetically congeneric" on the basis of the data obtained in the 23S rDNA sequence analysis. However, S. salitolerans was apparently discriminated by the 16S rDNA, the 16S-23S rDNA ITS, and the 23S rDNA D1/D2 sequence analyses. It is to be noted that S. salitolerans was phylogenetically distinguished likewise with 100% bootstrap value, when the 23S rDNA sequences were combined with the 16S rDNA sequences and the 16S-23S rDNA ITS sequences, and the resulting combined sequences were analyzed (Fig.  1d) . Such a problem found in the type strain of S. salitolerans, namely, whether the genus Swaminathania and the genus Asaia are "taxonomically congeneric" or not will be resolved in future.
A large subunit of 26S rDNA domain D1/D2 sequence analysis is widely utilized for species-level classification and identification in the yeast systematics (Gutell et al., 1994; Kurtzman and Blanz, 1998; Kurtzman and Robnett, 1998; Limtong et al., 2004) . The 23S rDNA D1/D2 sequence analysis described above is useful in the bacterial systematics as well, since the clustering pattern of the phylogenetic tree based on 23S rDNA D1/D2 sequences mentioned above was similar to those of the 16S rDNA phylogenetic tree and the 16S-23S rDNA ITS phylogenetic tree.
